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Abstract
To investigate the effects of manure application, 
land uses and soil textures on N
2
O and CH
4
 fluxes 
on Andosol, We selected eight farmer’s ﬁ elds cover-
ing three cropping systems (rice, maize-fallow, and 
grass-maize) and four soil textures in an agriculture 
catchment of central Japan. The amount of applied N 
from chemical or organic amendments (i.e., compost, 
urine, and slurry) ranged from 200 to 800 kg N ha-1. 
Field gas samples were conducted by static chamber 
method. The N
2
O ﬂ ux varied from -0.03 to 1.61 g N 
m-2 h-1 over all of the ﬁ elds through whole year and 
the annual emission ranged from 1.28 to 9.26 kg N 
ha-1yr-1 which account for 0.21−1.08% of applied ma-
nure N. The winter crop season showed higher value 
than summer crop season. Fertilization and rainfall 
signiﬁ cantly stimulate soil N
2
O ﬂ uxes. Manure types 
and land uses signiﬁ cantly affect soil N
2
O emission 
and high values were observed in slurry and upland 
ﬁ elds. The ﬂ uxes of CH
4
 were -24.8− 29.1 μg C m-2 
h-1 for upland ﬁ elds and -57.5– 546 μg C m-2 h-1 for 
paddy rice, respectively. In this study region, CH
4
 
emission is mainly found in paddy rice ﬁ eld (0.39 – 
6.67 kg C ha-1yr-1) rather than upland fields (- 0.03
− 0.02 kg C ha-1yr-1). For paddy rice ﬁ elds, the CH
4
 
might be underestimated due to the limited sampling. 
No significant difference of CH
4
 emissions were 
found in different soil texture, different fertilizer rate 
and fertilizer type. 
Introduction
The increasing anthropogenic emissions of green-
house gases (GHG), such as CO
2
, CH
4
 and N
2
O are 
the major concern for global climate change. Agri-
culture was one of important sources of CH
4
 and N
2
O 
emissions (IPCC 2007). Estimates of agricultural 
nitrous oxide (N
2
O) and methane (CH
4
) emissions are 
needed to develop economical efficiency as well as 
effective policies in mitigating and reducing green-
house gas emissions in farming systems. In Japan 
compared with the beginning of 70’s, the livestock 
sector grew two times in recent years to meet the 
increasing demand in meat and dairy productions 
(Shindo et al. 2009). As a result, the increased ma-
nure applied to soil became one of the most important 
sources of green house gas (GHG) emission from 
agricultural soils, which mainly depends on land uses 
and management methods (Mosier, et al. 1998; Li, 
et al, 2004). However, the potential of alternative 
management practices to reduce soil N
2
O and CH
4
 
emissions has been poorly studies, and quantitative 
estimates across ﬁ elds remain uncertain.
Furthermore, Japan is an active volcanic country, 
where Andosol covers 16.4% of the land surface and 
46.5% of arable upland fields (Ministry of Agricul-
ture, Fishery and Forestry, 1991). These volcanic soils 
are originally acidic and have high friability, high 
porosity and high content of Al and Fe with high hu-
mus accumulated ability (Shindo and Honma, 2001). 
Consequently, those unique physical and chemical 
characteristics in Andosols can lead to different C 
and N cycles compared to other soil orders. Hayashi 
et al. (2011) reported that Anosols showed the limited 
ammonia volatilization loss from upland fields. So 
far, GHG emissions from Andosols under intensive 
application of dairy manure have been hardly studied. 
JIFS, 9 : 47  51 (2012)
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In this study, N
2
O and CH
4
 has been measured in 
an intensive dairy farming system across different 
manure type (slurry or compost), four soil textures 
(loam, silt loam, sandy loam and loam sand) and dif-
ferent land uses (paddy rice and uplands). The aims 
are (i) to investigate the effects of intensive manure 
application, land uses and soil textures on N
2
O and 
CH
4
 ﬂ uxes on Andosol. (ii) to estimate N
2
O and CH
4
 
emissions from an intensive dairy farming region.
Materials and Methods 
This study was conducted from May 2009 to April 
2010 at upstream of Naka River watershed in Japan 
(36˚49`- 37˚01`N, 139˚54`-139˚59`W). In this re-
gion, major crop systems are one season cultivation 
of rice (R), maize (M), and a rotation of grass and 
maize (G/M). Dairy cow manure is the main fertilizer 
source, which ranges from 200kg N ha-1yr-1 to 800kg 
N ha-1yr-1. Five sampling sites (marked with I-V) 
were chosen according to different land uses (uplands 
and paddy rice), soil textures (loam, silt loam, sandy 
loam and loam sand) and location (Fig. 1). There are 
8 sampling ﬁ elds in total and the soils are Andosol. 
Three samples were taken at each ﬁ eld randomly. In 
G/M system, Italian ryegrass (Lolium multiﬂ orum L.) 
was planted in October and harvested in May, imme-
diately followed by the planting of maize, which was 
harvested in September. For R system, the ﬁ eld was 
ﬂ ooded from May to late August; the rice seedlings 
were transplanted in May and harvested in October. 
The detail soil and fertilizer information could be 
found in Deng et al. (2011).
Nitrous oxide (N
2
O) and methane (CH
4
) gas sam-
ples were carried out in intensive monitoring and 
intermitted monitoring using static chamber method. 
In intensive monitoring, N
2
O ﬂ ux and CH
4
 was mea-
sured after applied manure, during harvest time and 
snow time, every 2 days one sampling time. It will 
not be stopped until the flux becomes very stable 
(about 2 weeks). For intermitted monitoring: gas 
measurements were conducted bimonthly. Soil miner-
alization N, moisture, temperature and soil dissolved 
organic matter of topsoil will be measured at same 
time. N
2
O concentrations were measured using a gas 
chromatograph equipped with an electron capture de-
tector (GC-2014, Porapak Q column, Shimadzu). The 
carrier gas was a CH
4
 and Ar gas mixture with the 
volume ratio of 5:95. The oven and detector tempera-
tures were 80 and 340˚C. The contents of CH
4
 were 
tested by a thermal conductivity detector. The N
2
, H
2
 
and air were used as the carrier, fuel and supporting 
gas, respectively. The column, injector and detector 
temperature were 55, 100 and 200˚C. 
Deng et al.
Fig. 1. The sampling sites in the Upper Naka River Watershed, Tochigi, Japan. G/M and R indicate the grass/
maize rotation and paddy rice land.
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Results and discussion
N
2
O emissions 
The N
2
O ﬂ uxes in soil ranged from -0.03 to 1.61 g 
N m-2 h-1 through the whole year. Fertilization events 
significantly stimulated N
2
O emission and the high 
flux can maintain 2 weeks to 1 month after the ap-
plication of manure. The cumulative emissions were 
0.06−1.33 kg N ha-1 in summer season (May-Sep) 
and 0.91−8.30 kg N ha-1 in winter period (Oct-Apr) 
and winter season showed signiﬁ cantly higher values 
(p < 0.5) than summer season (Fig. 2). This might 
be resulted from the lower N requirement of crops, 
and consequently soil has higher content of avail-
able N for nitriﬁ es/denitriﬁ es in winter season com-
pared with summer crops. Heavy rainfall was found 
significantly stimulated N
2
O fluxes in all fields and 
high ﬂ ux was observed on 27 October 2009. Similar 
observations have been reported by many researches 
(Dambreville et al. 2008; Li et al. 1992). This sig-
nificant N
2
O flux could be generated by the rainfall 
which stimulates the soil anaerobic condition which 
was suitable for denitrifies. During snowing period, 
no significant N
2
O emission was observed. Gener-
ally, during freezing and thawing season, some N
2
O 
peaks occurred (De Bruijin et al. 2009). The differ-
ence might be explained by that there was no thawing 
to stimulate the anaerobic condition (Koponan et al. 
2006) or the slow N
2
O diffusion processes (Müller et 
al. 2002). 
Overall, the cumulative N
2
O emission from soils 
varied 1.28− 9.26 kg N ha-1 yr-1 which accounts the 
0.21-1.08% of applied manure N (Fig. 2). The high-
est emission was found in the ﬁ eld with high clay and 
silt content and slurry application which provide a 
good anaerobic condition for denitrification process 
(G/M3) (Paul and Beauchamp, 1989). Farm manage-
ments also signiﬁ cantly inﬂ uenced N
2
O emission, the 
farmer’s practice of the plowing immediately after 
composted manure application can significant de-
crease the N
2
O emission (G/M1). Mixing manure and 
soil could stimulate crop uptake N and make soil with 
high porosity which was not suitable for denitriﬁ ca-
tion process. Paddy ﬁ elds showed signiﬁ cantly lower 
N
2
O emission (0.89−1.91 kg N ha-1 yr-1) than uplands 
(1.91 – 9.26 kg N ha-1 yr-1). This result could be at-
tributed to the highly anaerobic condition in paddy 
rice ﬁ elds which contributes to denitriﬁ cation process 
producing more N
2
 rather than N
2
O compared with 
uplands (Deng et al. 2011). 
CH
4
 emissions
The daily methane flux was ranged from -24.8 to 
29.1 μg C m-2h-1 for uplands. Most of the values were 
very low and negative which was less than 1.59 μg 
C m-2h-1, except fields G/M2 and G/M3 at 31st May 
2009 and G/M4 on 10th May with 29.1, 25.6 and 10.5 
μg C m-2h-1. Those high values could be stimulated 
by the heavy rainfall after the fertilizer application 
(Mori, et al. 2008). No significant CH
4
 fluxes were 
found after manure application. Similarly, Chadwick 
and Pain (1997) suggested that CH
4
 emissions from 
soil were unaffected by manure application with high 
dry-matter content. Considering the different of sea-
sons, no signiﬁ cant difference was observed between 
CH
4
 emission in winter crop season (from -0.26 to 
0.02 kg C ha-1) and summer crop season (from - 
N2O and CH4 Emissions from Andosols in an Intensive Dairy Farming Region, Japan
Fig.2. The cumulative N2O and CH4 emissions across all of the ﬁ elds through a whole year
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0.002 to 0 kg C ha-1) (p>0.05). Thus, the annual CH
4
 
emissions varied from -0.026 to 0.02 kg C ha-1 yr-1 
and no significant difference was found over all of 
the upland ﬁ elds.
In paddy rice ﬁ elds, the CH
4
 ﬂ uxes changed from 
-57.5 to 546 μg C m-2 h-1 in paddy rice fields. Dur-
ing flooding season, CH
4
 fluxes were maintaining 
high level (0.18 – 546μg C m-2 h-1). However, some 
high peaks of CH
4
 emission might be missed due 
to the limited sampling time in rice ﬂ ooding season 
and also those measurements only included soil CH
4
 
emissions while no rice plant CH
4
 emissions. For un-
ﬂ ooding season, most of values were negative and the 
emissions were nearly ignored. 
Conclusion
The current results suggested that land uses are the 
main factors to influence N
2
O and CH
4
 emissions. 
Paddy rice can significantly reduce the amount of 
N
2
O emission whilst obviously stimulate CH
4
 ﬂ uxes 
during flooding season. Fertilization and rainfall 
was the main factor to inﬂ uence soil N
2
O emissions. 
Greater N
2
O emission could be produced by the ap-
plication of slurry than that of dry compost. In winter 
season due to the lower crop N uptake, the N
2
O emis-
sion was signiﬁ cantly higher than summer crop sea-
son. The cultivation immediately after manure appli-
cation showed lower N
2
O emissions than other farm-
ing practices. Regarding the CH
4
 in the un-flooding 
soils, most of the value was negative and unaffected 
by fertilization and soil textures. But, heavy rainfall 
also can stimulate CH
4
 emission. 
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